Abstract. In many animal populations, individuals exhibit repeatable behavioral traits across a range of contexts, and similarly, individuals differ in ecological traits such as habitat use, home range sizes, growth rates, and mating success. However, links between an individual's positions on behavioral vs. ecological axes of variation remain relatively unstudied in the wild. In the course of fieldwork on a remote floodplain in tropical Australia, we quantified boldness and ecological traits in 86 free-ranging (radio-tracked) monitor lizards (Varanus panoptes). These large (up to 7 kg) lizards exhibited a spectrum of boldness, as reflected in correlated scores of responses to approach, handling, and novel prey. Bolder lizards had larger core home ranges and higher mating success and spent more time in areas of high predator abundance, and their seasonal regimes of predation-induced mortality differed from those of shyer lizards. Thus, behavioral differences among lizards underpin much of the variation in ecological traits and individual fitness within this population. Analyses of ecology and microevolution in natural populations cannot afford to ignore the complex covariation between behavior, ecology, and evolution in the wild.
INTRODUCTION
No one supposes that all the individuals of the same species are cast in the same actual mould.
Charles Darwin (1859) No field biologist who studies vertebrates doubts that individuals within his or her study population differ in behavioral traits; some animals are consistently bold, whereas others are shy; some are active, whereas others are sedentary; some are frequently found with conspecifics, whereas others are solitary. Ethologists have documented these kinds of behavioral consistencies among individuals in a wide array of animal taxa (Gosling and John 1999 , Dall et al. 2004 , Bell 2007 and have attempted to quantify the primary axes of variation for individual differences. Thus, for example, many researchers recognize five main axes (boldness, exploration, activity, aggression, and sociability; Sih et al. 2004a , Herborn et al. 2010 , Conrad et al. 2011 . Within-individual correlations among these axes define behavioral syndromes, while consistency in behavioral traits over time and contexts can also be defined as "personality" (Gosling 2001 , Sih et al. 2004b has expanded rapidly in the last decade. We now understand that intraspecific behavioral diversity is ubiquitous throughout the animal kingdom and can characterize the nuances of an individual's life in nature. However, the ways in which ecological and life history traits are influenced by this behavioral diversity remain poorly understood Weissing 2012, May et al. 2016) .
Ecologists have documented variation in a broad array of traits (e.g., habitat use, home range size, growth rate) and evolutionary biologists have documented strong differentials in lifetime reproductive success (and correlates thereof) among individuals within a population (see R eale et al. 2010) . Nonetheless, behavioral vs. ecological vs. microevolutionary axes of variation are often assessed independently, due to the difficulty of quantifying such variation simultaneously in wild animals. Most behavioral studies do not capture the complex ecological or evolutionary implications of behavioral variation R eale 2005, Biro and Stamps 2008) . As a result, the interplay between behavioral vs. ecological vs. microevolutionary dimensions of animal personality remains relatively unexplored (R eale et al. 2007 , Smith and Blumstein 2008 , Wolf and Weissing 2012 .
Plausibly, we might predict strong patterns of covariation between behavioral and ecological traits. For example, a highly active individual might have a larger home range (Biro and Stamps 2008) and a more sociable individual might spend more time engaged in fitness-relevant interactions with conspecifics (Cote et al. 2008 , Spiegel et al. 2015 . Boldness can be defined as the propensity of an individual to engage in risky behavior and, thus, reflects an animal's reaction to threats (such as predation, and aggression from conspecifics; Wilson et al. 1994, Wilson and Stevens 2005) . Bolder individuals may forage in open habitats, confront predators, or exploit novel resources (Wilson and Stevens 2005) .
More generally, if personality types are heritable (in addition to being flexibly modified by local conditions), then much of the variation in ecological traits within a population may be affected by behavioral syndromes (Sih et al. 2004a (Sih et al. , R eale et al. 2010 . That possibility may invalidate explanations for causes of ecological variation that ignore individual variation in behavior. For example, empirical correlations between ecological traits may be driven by the common influence of personality (Wolf and Weissing 2012) . Elucidating the link between personality and multiple ecological traits also may clarify how different personalities can stably co-exist in a population (an issue that has puzzled behavioral ecologists; see review in Bell 2007 ) and may shed light on the causes of variation in fitness among individuals (Wolf et al. 2007 , Sinn et al. 2014 , May et al. 2016 .
To date, few behavioral studies have demonstrated personality differences in the wild (but see Byrnes et al. 2016 , May et al. 2016 ); yet validating behavioral traits with ecological (and physiological) data is pivotal to understanding the evolution of personality variation in natural populations (R eale et al. 2007 (R eale et al. , Blaszczyk 2017 . Thus, to quantify links between individual variation in behavior and ecology, we need to study free-ranging animals (Archard and Braithwaite 2010) ; and to attain generality, we need research on taxa from a wide variety of phylogenetic lineages. Reptiles have attracted relatively little attention in this respect, but offer excellent model systems for such an analysis. Especially if the species in question attains body sizes large enough to allow radiotelemetry, investigators can readily quantify the consistency of behavioral and ecological characteristics of individual animals. In the present paper, we describe the results of a field study in which we recorded behavioral, ecological, and microevolutionary data on free-ranging varanid lizards on a tropical floodplain. Our study was originally designed to test a novel conservation technique (conditioned taste aversion; see WardFear et al. 2016 ). However, we soon realized that individual goannas possessed unique behavioral profiles, so we compiled behavioral observations for each individual to assess whether:
1. These free-ranging lizards exhibit behavioral traits that are correlated across contexts (and hence, can be classified as a boldness continuum); 2. Variation in ecological traits (growth rate, body condition, etc.) is non-randomly associated with these traits. We predicted that bolder individuals would exhibit higher growth rates and body condition and larger home ranges and would spend more time in high-risk areas than would shyer individuals; and ❖ www.esajournals.org 2 March 2018 ❖ Volume 9(3) ❖ Article e02125 3. Variation in boldness is linked to differences in fitness-related traits (survival, mating success) among individuals. While boldness may increase access to mates through conspecific competition or sexual selection, boldness may also increase exposure to risk, and hence, we also predict that bolder individuals will experience higher rates of mortality than shy ones.
METHODS
Field site and study system (Doody et al. 2013 (Doody et al. , 2015 . Yellow-spotted Monitors are active for most of the year, but estivate during the late dry season (approximately July-November; Christian et al. 1995) . Annual activity resumes with the first rains of the monsoon. Males grow much larger than females (>3 times heavier; Shine 1986) and can grow rapidly, reaching adult size within one year (G. Ward-Fear, unpublished data). Females lay eggs in complex communal nesting systems that are multi-chambered and can reach a depth of 3 m (Doody et al. 2014) . Despite their large size and formidable weaponry, adult Yellow-spotted Monitors are killed and eaten by large pythons, dingoes, raptors, and humans (G. Ward-Fear, personal observation).
We radio-tracked 86 Yellow-spotted Monitors (goannas) for periods of 35-480 d, during an 18-month study. Because the field site was remote, none of these goannas had prior contact with humans. During 12 field trips (three weeks each), we searched for new goannas between 05:00 h and 11:00 h each morning (hence, new individuals were recruited to the study through time). Goannas were captured by hand and transported back to the research station, where we recorded snout-to-vent length (SVL) and body mass and took tissue samples from the tail tips to determine sex (see next section). We attached a Very High Frequency (VHF) radio transmitter to the tail of each goanna (Holohil RI-2B, 15 g, <5% total body mass) following the methods of Ujvari and Madsen (2009) and released the lizard back into the field at its point of capture within 6 h; telemetry began three days post-release. We attempted to track goannas at least twice per field trip (but opportunistically more) for as long as they were alive and could be located (mean number of observations per individual 12.2, range 5-40 observations). We designed the field schedule to ensure goannas were tracked multiple times in both the wet and the dry season. Whenever we located a goanna, we recorded Global Positioning System (GPS) coordinates and estimated habitat characteristics (see below).
Sex determination
Genomic DNA was extracted using a Gentra PureGene Tissue Kit (Qiagen, Venlo, The Netherlands) following the manufacturer's instructions. Molecular sexing was conducted using primers (45 s), and 72°C (1 min), with a final extension step at 72°C for 7 min. Amplifications were visualized on a 2% agarose gel. Forty individuals of either known (from necropsy, N = 7) or suspected (from mating/nesting behavior and size, N = 33) sex were used to verify accuracy of molecular sexing; the sex of 100% of these individuals matched the molecular sex generated from this protocol.
Quantifying boldness
We measured behaviors that reflect boldness in different contexts.
Response to handling.-We scored how much each lizard struggled while being measured and fitted with a transmitter at its initial capture. Struggling was quantified as follows: 0 = remained still; 1 = infrequent to frequent squirming and wriggling; and 2 = violent struggling, hissing, throat inflation, and whipping of tail. We repeated these measures whenever the individuals were rehandled to record growth or replace transmitter batteries. For 14 individuals that were captured and handled on two occasions, we assessed repeatability of struggling scores (and see Byrnes et al. 2016 , for a similar method for elasmobranchs).
Response to approach in the field.-Using the radio signal as a guide, we approached each lizard to within 50 m on an all-terrain vehicle and then proceeded toward it on foot. At 15 m, we recorded its response to our approach as follows: 0 = remain still; 1 = saunter off slowly; and 2 = sprint away. Individuals were approached five times for this trial during the study. Instead of the more traditional measure of flight initiation distance, this method was designed to minimize the error associated with multiple observers.
Response to novel prey.-Prior to the arrival of invasive cane toads (Rhinella marina) in our study area, we approached lizards and offered them a small toad at the end of a line attached to a fishing rod, as part of a study on conditioned taste aversion (see Ward-Fear et al. 2016) . We scored the response of each goanna to this novel prey item as follows: 0 = immediately moved away; 1 = investigated the prey item but did not eat it; and 2 = ate the prey item.
Statistical analyses
Following methods in Nakagawa and Schielzeth (2010), we used generalized linear mixed models to calculate the repeatability of responses to handling and to approach in trials with the same lizard. Because response to novel prey was scored on a single occasion (as the stimulus was only novel on one occasion), its repeatability could not be measured. To investigate correlations within and among the behavioral traits, we conducted Spearman correlation analyses. Given high correlations, we reduced the number of variables using principal components analysis (PCA) and used the first axis from this analysis (PC1) as our composite index of boldness (see Results for PCA loadings). That is, we used the PC1 value calculated for each lizard as its relative boldness score. Repeatability was calculated in R v3.2.4 using the rptR model (Nakagawa and Schielzeth 2010); response to handling was best fitted with a Gaussian model, while response to approach was fitted with a Poisson model.
Quantifying ecological traits
To explore correlates of individual personality, we took data on morphology and patterns of habitat use. For example, riparian zones provide food and nesting resources for goannas (Baxter et al. 2005 ), but they also conceal predators and are thus high-risk areas (G. Ward-Fear, unpublished python telemetry data and see Discussion). Also, resource availability changes dramatically between the wet and dry seasons in tropical Australia, so we incorporated season (wet vs. dry) into relevant analyses. We also investigated the following: each individual survived during the study (minimum time known alive), whether they were dead, alive, or missing at the end of the study, and the circumstances of any confirmed mortality (cause and season).
Linking boldness to ecological traits and fitness
We investigated multiple ecological and life history correlates of boldness via a series of full factorial ANOVAs and nominal logistic regressions using boldness, sex, and body size ([ln]-transformed SVL) as the independent variables and the ecological variable in question as the dependent variable. Distance measures and count data were log-transformed prior to analysis to achieve variance normality (confirmed by Shapiro-Wilk goodness-of-fit tests pre-and post-transformation) and subsequent homoscedasticity (verified with Bartlett's test for homogeneity). All analyses with repeated measures included animal ID as a random factor to control for pseudoreplication. In each analysis, higher order interaction terms were removed if not significant and main effects recalculated. For measures that could have been influenced by the number of times an individual was located (e.g., likelihood of being observed mating, home range size), we included the number of times an animal was located and the total number of days an animal was known to be alive as covariates in the analysis.
RESULTS
We calculated boldness scores for 86 individual goannas, based on observations made during a total of 1037 radio-tracking locations (mean observations per individual = 12.2, range 5-40).
Repeatability and within-individual correlations of behavioral measures
Struggling scores for the 14 individuals that were handled on two occasions were highly repeatable (0.86; Spearman correlation between scores on the first and last occasions r = 0.83, P = 0.0002). Repeatability of approach scores for the 86 goannas that were assessed in the field on multiple (5-40) occasions was only 0.15, and the correlation between scores on the first and last occasions was not quite significant (Spearman r = 0.23, P = 0.06).
Correlations among behavioral measures
Among all 86 goannas, response to handling scores were significantly correlated with response to novel prey scores, measured in the field (Spearman r = 0.41, P < 0.0001). Response to approach scores were not strongly correlated with either response to handling (Spearman r = À0.08, P = 0.45) or response to novel prey scores (Spearman r = À0.11, P = 0.32).
Principal components analysis
PC1 accounted for 48.6% of variance in our three behavioral measures (PC1 loadings, response to handling [0.8], response to approach [À0.3], and response to novel prey [0.83]) and offers an index of boldness. Higher positive values of PC1 represented goannas that struggled more during processing, were less likely to flee when approached, and were more likely to eat the novel food item dangled in front of them. Scores along the boldness spectrum formed an approximately normal distribution (Fig. 2) 
Correlates of boldness
Sex and body size.-Mean boldness scores were higher in males than in females (F 1,79 = 8.6, P = 0.004), but boldness overlapped between the sexes. Goannas ranged in SVL from 335 to 650 mm, but boldness was not significantly associated with body size (F 1,79 = 1.4, P = 0.23) nor with the interaction between sex and body size (F 1,79 = 2.5, P = 0.12).
Home range. -The 95% home range cores of goannas ranged from 0.19 to 500 ha in area (median = 20 ha), and 50% home range cores ranged from 0.003 to 27 ha (median = 0.91 ha). The 95% areas were not influenced by a lizard's boldness, sex, SVL, or any of the interaction terms (all P > 0.1). However, the size of the 50% home range area increased with both SVL (F 1,79 = 10.1, P = 0.002) and boldness score (F 1,79 = 4.8, P = 0.03; Fig. 3 ).
Initial body condition and growth rate.-Body condition was not related to boldness as a main effect nor in interaction with sex or SVL (all P > 0.1), but was affected by the interaction between SVL and sex (F 1,113 = 14.6, P = 0.0002). Growth rates were unrelated to boldness, sex, and SVL as main effects or in any interaction (all P > 0.1).
Distance to riparian zones.-Distance to riparian zone was influenced by the interaction between boldness and season (F 1,635 = 9.6, P = 0.002). Bolder individuals stayed close to the riparian zone Fig. 2 . The relationships of behavioral traits within the first axis (PC1) of a principal components analysis to create an index of boldness in Yellow-spotted Monitors. PC1 against (a) response to handling (higher score = more struggling), (b) response to novel prey (higher score = more confidence in unfamiliar situation; i.e., eats prey item in presence of researcher), (c) response to approach (higher score = faster flight speed; i.e., 0 = did not flee), and (d) distribution of boldness scores across the sample. all year round, whereas shy lizards moved away from riparian zones in the wet season (Fig. 4a) . Vegetation density.-In a full factorial model with season, (ln) distance from riparian zone, and boldness as factors and covariates, the interaction between boldness and season influenced the percentage of dense vegetation (log-transformed) in sites where lizards were located (F 1,555 = 5.42, P = 0.02). Shyer individuals used habitat with low vegetation densities year-round, whereas bolder lizards used more densely vegetated areas in the dry season than in the wet season (Fig. 4b) .
Antipredator strategies. -All individuals (irrespective of boldness) were more likely to cover their burrows when the surrounding vegetation was denser (F 1,135 = 6.38, P = 0.013). The likelihood that a goanna covered the entrance to its burrow was influenced by an interaction between sex and boldness (F 1,135 = 6.51, P = 0.012). Bolder females were more likely to cover their burrows than were shyer ones, whereas the opposite was true for males (bolder individuals were less likely to cover their burrows), irrespective of body size or distance from riparian zones.
Mating success. -We documented reproductive behavior from mid-November to May. All 86 individuals were mature-sized, and we observed 21 of them mating at least once (range 0-2). Mating individuals were cryptic, and only found because of the telemetry signal. A generalized linear model (fitting the data with Poisson distribution and using the log link function) showed that boldness was the only significant predictor of how many times an individual was recorded mating (v 2 = 5.88, N = 83, P = 0.0164; Fig. 5a ). Bolder individuals had higher mating rates, regardless of sex or SVL (sex: v 2 = 2.36, N = 83, P = 0.12; (ln) SVL: v 2 = 2.71, N = 83, P = 0.10). Survival.-Boldness did not influence the length of time an individual was tracked in the study (F 1,84 = 0.04, P = 0.84) or its source of mortality (ingestion of toxic cane toad vs. predation by python; v 2 = 0.37, N = 59, P = 0.55). Blackheaded pythons (Aspidites melanocephalus) and olive pythons (Liasis olivaceus) killed and consumed 34% of our study animals, mostly in the wet season (70%; 21 of 30 records of mortality). Although a lizard's boldness did not make it more or less likely to be killed by a python, boldness affected the timing of that mortality. Bold individuals experienced higher predation during the wet season, whereas shy individuals were killed primarily in the dry season (v 2 = 5.1, N = 30, P = 0.024; Fig. 5b ). Mortalities due to pythons occurred closer to riparian zones than did mortalities due to other causes (v 2 = 10.52, N = 57, P = 0.0012).
DISCUSSION
We combined behavioral measures obtained in the field under three different contexts (responses to approach, to handling, and to a novel prey type) to document a boldness axis in our study population. Individual lizards showed correlated behaviors which, when combined via PCA, fell along a boldness continuum. That variation was correlated with several ecological and microevolutionary variables that we assessed on the same lizards. Individual differences in behavior were strikingly apparent during our study on Yellow-spotted Monitors. Some individuals were consistently bold, often resorting to threat displays (bipedal stance, throat expansion, loud hissing, tail-lashing; see Pianka and King 2004) rather than retreating from our approach, and sometimes even running toward us (apparently with the intent to inflict injury) after they were released. Other individuals, of similar size and the same sex, rarely struggled or exhibited any signs of retaliation when handled. Indeed, it was these initial observations that instigated the compilation of our behavioral data in this species. Similar diversity in behavioral responses occurs in many other species, but as far as we know, ours is the most extensive study of behavior in varanid lizards.
Boldness can be loosely defined as the propensity of an animal to engage in risky behavior (be it through exploring a novel item of prey, interaction with a predator, or time spent in risky areas; Godin 2009, Sinn et al. 2014) . To ensure the validity of our target personality trait, we measured behaviors in different contexts. Correlations between our measures largely accord with intuition. For example, lizards that struggled more when we handled them also were less neophobic than were more placid lizards. Similar correlations between behavioral traits and other behavioral axes (agonistic behavior, exploration, or neophobia) have been demonstrated in a wide array of taxa, including great tits (Verbeek et al. 1996) and zebrafish (Martins and Bhat 2014) . The correlations between behavioral traits in our study hint at a "pace-of-life" syndrome in our species (R eale et al. 2010 ) with bolder, more aggressive, and less risk-averse individuals representing the proactive end of the spectrum, and shyer, less aggressive, and more risk-averse individuals at the reactive end (R eale et al. 2010 ). This possibility warrants further investigation. Repeatability was low for responses elicited by our approach in the field, consistent with previous studies showing that antipredator responses are affected by the context of the encounter. Thus, for example, reptiles are more likely to flee if they are warm, are close to a safe refuge, or are in an exposed location, or in some species, depending on reproductive condition (Cooper and Blumstein 2015) . Such facultative effects may erode repeatability of escape behaviors in the field. Correlations among different behaviors also may be weakened by differing functional significance of responses to different cues (Carter et al. 2013) ; for example, responses to novel food items and to predators were not significantly correlated in wild baboons despite these being two widely used measures of the single dimension boldness (Carter et al. 2012) . Male Yellow-spotted Monitors grow much larger than conspecific females (maximum SVLs of 700 vs. 500 cm, maximum body masses of 7 vs. 2 kg), presumably reflecting the sexually selected advantages of larger body size in male-male combat bouts (Shine 1978, Frydlova and Frynta 2010) . The larger body sizes of males may reduce the potential costs of bold behavior. Although even the largest goannas are vulnerable to predators such as pythons, dingoes, and eagles, an adult male Yellow-spotted Monitor is probably safe from many other predators (such as elapid snakes). Nonetheless, the link between boldness and body size was non-significant within each sex, challenging the hypothesis that sexual size dimorphism is responsible for the sex difference in boldness. Instead, bold behaviors-such as a large central home range, a high activity level, and a willingness to move about in open areasmay enhance male mating success and, hence, be favored by sexual selection.
Surprisingly few studies have investigated behavioral syndromes (i.e., correlations among behavioral traits) in both sexes of the same species, tending to focus either on single traits or on one sex (Michelangeli et al. 2016 ). This ignores the possibility that behavioral correlations vary with sex. In our study, the same boldness syndrome was evident in both sexes: Individuals that were more agonistic were also less riskaverse and less neophobic. This pattern suggests either that the boldness syndrome is evolutionarily stable (and therefore not easily decoupled by selection; Michelangeli et al. 2016) or that selection favors the same correlations in both sexes.
The influence of boldness on ecological traits was unaffected by a lizard's sex, despite the disparities in mean body sizes and mean boldness scores between males and females. Instead, boldness was associated with larger central home ranges (as measured by 50% core areas) in both sexes, and with mating success in both sexes. Because we radio-tracked animals, such effects cannot be due to differential observability (whereby we overestimated home range sizes and mating frequency in individuals that were less shy and, thus, easier to observe). Instead, these shifts in spatial ecology and reproductive success appear to be direct correlates of boldness. Similarly, we saw season-dependent shifts in habitat use by bold vs. shy goannas. Shyer animals inhabited less densely vegetated areas in both the wet and the dry season (despite seasonal changes in overall vegetation density) and moved further away from the riparian zone in the wet season. Habitat use by bolder animals reflected the seasonal shift in vegetation density; they spent more time in dense vegetation during the dry season, when vegetation is thickest (prior to the annual fire season). Bolder animals also remained close to the riparian zone throughout the year. Riparian habitats may offer a greater variety and abundance of prey (Shine 1986 , Baxter et al. 2005 , but if this factor was important, we would predict bolder lizards to grow faster, or exhibit higher body condition, than their shyer conspecifics. No such patterns were evident.
The trend for bolder goannas to remain near riparian zones during the wet season, and to experience greater rates of mortality from pythons at this time of year, may well be linked. The pythons primarily inhabit higher drier rocky escarpments surrounding the field site, but make hunting forays down onto the floodplains (based on our unpublished radiotelemetry data on pythons that ingested goannas). The pythons spend most of their time in dense vegetation within the resourcerich riparian regions, rendering this zone a highrisk area for goannas; most mortality occurred close to the riparian zone during the wet season.
Home range overlap appears to be high among varanids, with individuals often congregating to exploit food resources (Auffenberg 1983 , Shine 1986 ). Thus, we doubt that habitat-use differences between bold and shy goannas are driven by territorial exclusion. Instead, bolder animals show different patterns of habitat selectivity, being willing to spend time in more densely vegetated areas, and in places where predation risk is higher. This pattern is consistent with the bold archetype in nature (Wilson et al. 1994) , and our study demonstrates direct links between habitat use and predation. Individual variation in behavior likely influences space use (home range size, resource acquisition, or seasonal patterns of variation) in many taxa, although examples remain scarce (but see Spiegel et al. 2015) .
In the sole antipredator tactic that we could readily quantify, the influence of a lizard's boldness on its risk-taking behavior differed between the sexes. Bolder males were less likely to cover their burrows, as expected by intuition (boldness ❖ www.esajournals.org 9 March 2018 ❖ Volume 9(3) ❖ Article e02125 is often defined as the propensity to take risk; Wilson et al. 1994, Wilson and Godin 2009) ; an open burrow exposes goannas to predation at night as they sleep. Conversely, bolder females were more rather than less likely to cover their burrows, irrespective of their proximity to predator-rich riparian zones. This counterintuitive result may simply reflect the baseline differences in boldness between the sexes. Mean boldness in males was higher than that in females; thus, even the boldest females are likely to be more riskaverse than are bold males. Also, predation can shape boldness-aggression syndromes if predators kill individuals that are bold but not aggressive (Bell and Sih 2007) . All goannas were more likely to cover the entrances to their burrows when they stayed in high-risk (densely vegetated) habitats. In this case, we cannot decouple the influence of individual personality from behavioral plasticity (i.e., behavior manifesting under specific environmental conditions, which are experienced at different rates by bold and shy individuals). Both scenarios may be true, and the relationship between these behavioral characteristics (and their fitness consequences) warrants further investigation. Do boldness-associated differences in ecological traits influence an individual goanna's fitness (lifetime reproductive success)? We cannot answer that question directly, but our correlational data hint that bolder lizards (1) had higher mating success and (2) were subject to somewhat different mortality regimes (i.e., were taken by pythons during the wet season rather than the dry season). In other species, boldness is positively correlated with mating success but also with mortality (Smith and Blumstein 2008) . In our study, both bold and shy goannas experienced high rates of mortality, although seasonal regimes of predation differed. Whether or not such differences resulted in a net benefit to one personality type (boldness level) over another probably depends upon local habitat features and predator abundance. More generally, the fitness consequences of different personalities depend upon local environmental conditions R eale 2005, Dingemanse et al. 2010) . Behavioral traits that enhance fitness in one context may inhibit fitness in others. For example, water striders (Aquarius remigis) with higher levels of activity acquire more resources in the absence of predators, but experience higher levels of mortality in the presence of predators (Sih et al. 2003) . Bolder trout (Oncorhynchus mykiss) thrive in lakes that lack large predators, but are rapidly consumed in predator-rich lakes (Biro et al. 2004) . Adaptive mismatches can also develop across ontological stages. Aggression in juvenile fishing spiders (Dolomedes fimbriatus) increases growth rates and fecundity, but becomes maladaptive in adult females because these behavioral traits result in pre-copulatory sexual cannibalism and decrease mating success (Arnqvist and Henriksson 1997). Such context-dependent benefits to fitness can explain how multiple personality types can stably co-exist within a population (Sih et al. 2003) .
Although our study has revealed strong patterns, they are correlational only. For some traits, one could posit a reversed causal link whereby, for example, spending time in a particular type of habitat encourages the expression of bold behavior. Additionally, we do not know how much of the bold-shy continuum in goanna behavior is driven by genes or local environments. Many aspects of behavior are heritable; for example, alpine swifts (Apus melba) that are cross-fostered from the egg demonstrate the same antipredator strategies as their biological, and not foster parents (Bize et al. 2012) ; and heritable variation has been demonstrated for boldness, sociability, and activity levels in three-spined sticklebacks (Gasterosteus aculeatus; Dingemanse et al. 2009 ). In a stunning example of an extended phenotype (Dawkins 1999) , differences in burrow design (i.e., the presence or absence of an escape tunnel) in closely related rodent species have been linked to a single locus that can be manipulated to produce or stop the behavior (Weber et al. 2013) . In contrast, though, experimental manipulations show that many behaviors are influenced by rearing conditions (e.g., cognitive abilities and social behavior in lizards; Amiel and Shine 2012, Ballen et al. 2014) . Such manipulations can demonstrate the underlying causal factors for behavioral variation, but are beyond the scope of our study.
Regardless, our field data not only document strong within-population divergence in both behavior and ecology, largely unrelated to an individual's sex or body size, but also show tight linkages between an animal's personality, ecology, and life history. Such linkages suggest that individually variable personality traits underlie much of the ❖ www.esajournals.org 10 March 2018 ❖ Volume 9(3) ❖ Article e02125 intra-population variation in ecology (and perhaps, fitness). Thus, to understand the ecological functioning of a population, we need to incorporate information on individual behavior, in freeranging animals. Our study demonstrates that simple measures, taken during capture and processing of animals, can illuminate the mechanistic basis for variation in a suite of ecological variables.
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